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中，紫外波段的脉冲激光光源透过蓝宝石衬底辐照 GaN 薄膜，蓝宝石/GaN 界面
附近的 GaN 吸收激光能量使界面温度迅速升高，当温度达到 850 ℃ 时，GaN












究表明：(1) 热导率低的热敏胶作为键合材料条件下，不同厚度(1 µm, 2 µm, 6 µm)
的 GaN 薄膜所需要的激光能量密度相近；(2) 热导率高的铜厚膜作为键合材料条
件下，1 µm 厚的 GaN 薄膜激光剥离所需要的能量密度要比 2 µm 和 6 µm 厚的
GaN 薄膜所需要的激光能量密度高；(3) GaN 薄膜越厚，剥离后的表面形貌越好。
实验结果进一步丰富了激光剥离技术的研究内容，并为 GaN 薄膜的转移技术提
供了重要参考。 

























































Due to their outstanding physical and chemical properties, GaN-based wide-band 
gap semiconductors are being widely used for optoelectronic devices such as light 
emitting diodes(LEDs), laser diodes(LDs) and solar cells. Due to the lack of the 
lattice-matched substrates, GaN films are commonly grown on sapphire substrates. 
Since sapphire is an insulator, it is necessary to have the n- and p- ohmic contacts 
both placed on the same side of the device. This will result in current-crowding 
effects. Moreover, the optical and electric properties of the GaN-based optoelectronic 
devices are influenced due to the poor thermal conductivity of sapphire. Laser lift-off 
(LLO) technique is one of the important methods to resolve these problems. In the 
LLO process, the pulsed UV laser is irradiated to GaN film from the backside of the 
sapphire. Absorption of the laser energy at the GaN/sapphire interface makes the 
temperature of GaN reach 850 ℃ and decompose into gaseous nitrogen and gallium 
droplets, leading to the separation of GaN and sapphire substrate. LLO technique has 
been studied as a hot topic since it can fundamentally solve the adverse impact of the 
sapphire substrate on the GaN-based optoelectronic devices. 
This dissertation is focused on the investigation of the LLO technique. The LLO 
technique was theoretically and experimentally studied in details. The main results in 
this work are summarized as follows:    
1) The physical mechanism of the LLO technique, the conduction of heat during 
the LLO process and the key factors influencing the LLO process were theoretically 
studied in detail. By establishing a perfect theoretical model and using the rigorous 
numerical simulation method, the temperature distribution in GaN film and sapphire 
substrate during the LLO process was obtained. Laser pulse width, laser energy 
density and the fluctuation of the pulse energy were shown to be key factors of the 
LLO process. The calculation results were in good agreement with the experimental 















literatures were explained well. The results can enrich the understanding of the LLO 
process and be taken as references in LLO of GaN/sapphire structures. 
2)  Effects of the bonding materials and the GaN film thickness on the LLO 
process were experimentally studied in detail. The results are summarized as follows: 
(1) The threshold laser energy density for lifting off the GaN film with various 
thickness (1 µm, 2 µm, 6 µm) was very close when using the thermosensitive glue as 
bonding material. (2) The threshold laser energy density for lifting off the GaN film 
with 1 µm is higher than those for 2 µm and 6 µm GaN films when using the thick 
copper film as bonding material. (3) The thicker the GaN film, the better of the 
surface morphology of GaN film after the LLO process. 
3) The fabrication procedure of conventional GaN-based vertical-structured 
LEDs (V-LEDs) was proved complicated, since inductively coupled plasma (ICP) 
etching was usually used twice for etching away the u-GaN, for the purpose of 
electric current isolation, and for defining the chip size. To simplify the fabrication 
process, a new method called auto-split LLO technique was proposed based on the 
LLO technique. The proposed auto-split LLO technique can be not only used to 
simplify the fabrication procedure of V-LEDs but also avoid the damage to the 
quantum wells and the mirrors during the ICP process. Based on this method, blue 
and green GaN-based auto-split vertical-structured LEDs with superior electrical and 
optical properties were obtained. In addition, the intrinsic physics mechanism of the 
auto-split LLO technique is studied. The laser energy density and mesa spacing are 
shown to be key factors in the auto-split LLO technique. 
4) The procedure of the conventional F-P microcavity was demonstrated 
complicated and the Q-factor of the F-P cavity was also hard to improve. On the 
contrary, whispering gallery modes (WGMs) microcavity with the advantages of 
simple fabrication process and high Q-factors is becoming a hot research topic. Based 
on the LLO technique, a new method for fabricating the GaN-based WGMs 
microcavity was proposed. During the fabrication process, a WGM microcavity 
combined the UV Photosensitive adhesive hemisphere and Ag mirrors with high 















obtained. To our best knowledge, the temperature sensitive is the highest value which 
had ever been reported. 
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